Abstract-This paper presents a Quad-Rectangular Shaped Microstrip Antenna (QRSMA) fed by a single microstrip line feed. QRSMA having different frequency bands is designed to be applied to L (1-2 GHz), S (2-4 GHz) and C (4-8 GHz) bands applications. QRSMA is loaded with a single square patch and 4 rectangular patches. The patches are loaded using a flame retardant substrate (Fr-4). The patches are connected with 1 mm width of copper (Cu) strip-line. Thus the proposed design of patches and width is responsible for desired multiband operations. The antenna resonates at frequencies f 1 = 1.074, f 2 = 3.119, f 3 = 4.089, f 4 = 5.683 and f 5 = 6.514 GHz. Thus, the antenna is useful in the L, S and C band applications. Compared to other antenna designs, the proposed antenna exhibits multiband performance, size reduction and is economical. It also realizes tunability of frequencies having stable radiation pattern with compact electrical size. The paper analyses the simulated and experimental results. Various cases of QRSMA performances are also compared in this paper.
INTRODUCTION
In recent years, microstrip antennas are appropriate candidates to meet the mentioned requirement, so that they can be used in broadband range of applications such as radar, navigation, satellite applications, GPS, due to ease of fabrication and low manufacturing cost. For an antenna with multiple operating frequencies, the adaptability to different scenarios in wireless communication and radar systems is a prerequisite for covering multiband applications. Many techniques have been reported in the past to obtain multiband with notches and slots. A number of papers on multiband antennas have been presented in the literature. In [1] , a triple-band antenna is designed, and it surpasses dual-band antennas to meet the requirement of modern wireless communication systems. Several microstrip slot antennas that possess low profile, conformal feature and ease of fabrication [2] [3] [4] are studied. A microstrip line fed compact triple-band antenna for WLAN/WiMAX application is reported in [5] , and a multi-resonator loaded antenna suitable for multiband operation is presented in [6] . There are many antenna designs that utilize microstrip line for feeding purpose [7] [8] [9] . A miniaturized multiband antenna for frequencies in S, C and X bands is also reported for military and satellites applications [10] . Recently, it has been shown that multiband resonance can be achieved by using coaxial feeding in disc-patch antenna of Cshaped slots [11] [12] [13] . For mobile communication systems such as mobile, laptops, tablets and various small portable devices, a reduced size antenna is required as seen in the case of a compact antenna with multiple narrow slits for multiband operation [14] . It is also seen that creating slots on the patch can be a simple approach for designing a multiband microstrip antenna [15] .
Here we propose a compact notch and slot loaded microstrip patch antenna, which exhibits multiband behaviour. The antenna also achieves significant reduction in size of about 58% with good impedance bandwidth. Resonance frequency is tuned by changing the dimensions of notches and slots. The parametric study is carried out, and various parameters are calculated as the function of the frequency. The QRSMA exhibits balanced performance in simulated and experimental results of various frequency bands, operated at central frequencies of f 1 = 1.074, f 2 = 3.119, f 3 = 4.089, f 4 = 5.683 and f 5 = 6.514 GHz.
DESIGN AND ANALYSIS OF QUAD-RECTANGULAR SHAPED MICROSTRIP ANTENNA

Antenna Structure
The geometrical configuration of Quad-Rectangular Shaped Microstrip Antenna (QRSMA) is shown in Fig. 1 . The antenna comprises a central square patch of dimension 18 * 18 mm 2 . This central square patch is connected to other four rectangular patches of dimension 12 * 10 mm 2 each. All patches are connected through 1 mm width strip-lines as shown in Fig. 1 . The patch antenna is printed on an FR-4 dielectric substrate of relative permittivity 4.4 and thickness 1.6 mm. The optimal parameters of the proposed antenna are as follows: length L = 50 mm, width W = 45 mm, and the gap between square patch and connected feed-line 2 mm. Detailed description of geometry is given in Table 1 . In the proposed antenna, an edge mounted SMA connector is used with strip-line feed of 50 ohms impedance, which is shown in Fig. 1 and Fig. 2 . The actual fabricated radiating patch and ground plane of the proposed antenna are shown in Fig. 2 .
W=45m mm
Three-dimensional top view and front view of proposed antenna are shown in Fig. 3 . Current distribution of the proposed antenna is shown in Fig. 4 , which describes the distribution of current over radiating patch. It shows that the current distribution is maximum along the square patch and notches. It is observed that multiband behaviour is obtained due to various slots and notches on the radiating patch. 
Results and Discussion
All comparative studies are performed using HFSS software. Analysing all the results, we find that it operates at five distinct resonant frequencies with acceptable performance. The resonance frequencies of proposed antenna are measured by vector analyser Agilent Technologies E5071C, and simulations are performed by HFSS simulator. Photographs of the fabricated antenna are shown in Fig. 2(a) & Fig. 2(b) , and the setup for measuring return loss and VSWR using vector analyser are shown in Fig. 2(c) . Comparisons of simulated and measured results are shown in Table 2 that meets the −10 dB requirement in most of the resonating frequencies. It shows that the simulated and measured results are in good agreement. Figure 5(a) shows the simulated and experimental graphs of reflection coefficient (S 11 ) with respect to frequency, and Fig. 5(b) shows the experimental result of reflection coefficient with respect to frequency in vector network analyser (VNA). Figure 6 (a) shows the comparison between simulated and experimental VSWRs (voltage standing wave ratio), and Fig. 6(b) shows measured VSWR in vector network analyser with respect to frequency.
The proposed antenna has the capability of impedance matching at different resonating frequencies using combinations of multiple slots and notches. Fig. 7 shows the simulated, measured and comparison radiation patterns of the antenna at f 1 = 1.074, f 2 = 3.119, f 3 = 4.089, f 4 = 5.683, f 5 = 6.514 GHz.
It is observed that the characteristics of the proposed antenna match the simulation and measured 
CONCLUSION
In this article, a Quad-Rectangular Shaped Microstrip Antenna (QRSMA) has been designed, fabricated and simulated using HFSS software and tested by Agilent vector analyser model no. E5071C. In the proposed antenna, multiband behaviour is obtained with the introduction of slots and notches. The QRSMA resonates at f 1 = 1.074 GHz which is suitable for L-band applications, f 2 = 3.119 GHz suitable for S-band applications and f 3 = 4.089, f 4 = 5.683 & f 5 = 6.514 GHz suitable for C-band applications. It is also found that simulated and measured results are in good agreement. So the proposed antenna is capable of satisfying the requirement of L-, S-and C-band applications.
